. All the Klebsiella mutants used for genetic mapping are P1 sensitive. P1-sensitive mutants were selected by two different techniques. The first such mutant, strain KG2000, was isolated as a "nibbled colony" on the indicator plates of Smith and Levine (20) : 109 Plvir were spread on each plate and allowed to dry; then, between 200 and 500 colony-forming units of bacteria were plated. The plates were incubated at 37 C for 24 h. "Nibbled" colonies appeared as colonies with a blue region on the periphery.
More recently, P1-sensitive mutants have been isolated as drug resistant lysogens of Plclrl00KM (5) . ' Present address: Department of Biology, Temple University, Philadelphia, Pa. 19122. Media. LB broth was used as the rich medium (14) . Minimal medium has been described previously (14) with carbon sources at 0. 4 and 0.2% (NH4)2SO4. When histidine was used as the only source of carbon and nitrogen it was added at 0.4%. Solid media contained 1.5% agar (Difco). Gal+ transductants were selected on plates containing 0.1 or 0.15% galactose.
Transduction. P1-mediated transduction was performed as previously described (5).
Mutagenesis. Mutagenesis was either with nitrosoguanidine (1) or ethyl methane sulfonate (14) . Hut constitutive mutants were obtained as in Prival and Magasanik (14) . Plates containing 0.4% histidine plus 1 ml of LB (14) per 100 ml of medium were used to select Hut-mutants, which appeared as very small colonies after 48 to 72 h of growth at 37 C. Galmutants were obtained by selecting mutants resistant to 2-deoxygalactose (2). This was done by adding about 1 mg of 2-deoxygalactose to the center of a petri plate containing citrate-ammonia medium that had been spread with about 10' bacteria. Colonies that appeared in the zone of inhibition were picked and purified on citrate-ammonia plates and tested on MacConkey-galactose and galactose-minimal medium.
Enzyme assays. Cells grown on agar plates were examined for the presence or absence of histidase and urocanase by a modifcation of a previously published procedure (12) . The cells were grown as heavy patches on agar plates with citrate as the carbon source in the presence or absence of the inducer urocanate for a period of 24 h. They were examined for histidase by suspension of a sample of the cell mass with a wooden applicator in a small volume of a mixture of 0.02 M histidine, 0.1 M diethanolamine at pH 9.4, and 0.025% hexadecyltrimethyl ammonium bromide. The mixture was incubated for 20 min at 37 C. Approximately 15 Table  1 ) bearing F'gal hut bio episomes containing known hut markers. Conjugation was done by plating (3) on histidine minimal medium plates. The males were counterselected by their nutritional requirements. Growth of exconjugants at the intersections of the male and female streaks indicated complementation.
RESULTS
Characterization of mutants. HutC -mutants were isolated as colonies producing histidase constitutively from a mutagenized culture of strain KG2000 (2) . To demonstrate that these mutations are in the gene coding for the hut repressor, hutC, it was necessary to show that they are recessive mutations. To accomplish this demonstration strains KG2004 and KG2008, derivatives of the two independent, presumptive hutC mutants (strains KG2001 and KG2002), were mated with S. typhimurium strain NE355. Exconjugants were selected on galactose-minimal medium.
If the mutations in strains KG2004 and As in NE324 but F'hutHl NE437
As in NE324 but F'hutC7 hutIO05 NE438 As in NE324 but F'hutC7 hutU25 NE458 As in NE324 but F'hutC7 hutG02
Klebsiella aerogenes
MK1
Wild type, Pi1 B. Magasanik MK80
As in MK1 but hutG504 NTG°of MK1 MK81
As in MK1 but hutH505 NTG of MK1 KG2000
As in MK1 but Pls NTG of MK1 KG2001
As in KG2000 but hutC516 NTG of KG2000 KG2002
As in KG2000 but hutC517 NTG of KG2000 KG2003
As in KG2001 but hutH518 NTG of KG2001 KG2004
As in KG2003 but gal-1 Spontaneous DOGR c of KG2003 KG2005
As in KG2001 but hutI519 NTG of KG2001 KG2006
As in KG2005 but gal-2 Spontangeous DOG" of KG2005 KG2007
As in KG2002 but hutU520 NTG of KG2002 KG2008
As in KG2007 but gal-3 Spontaneous DOGR of KG2007 KG2009
As in MK81 but Pls Spontaneous P1 of MK81 (5 Hut-mutants were characterized by enzyme assay (Table 3) and by genetic complementation ( Table 4) . As can be seen in Table 3 Table 2 .
FGA-hydrolase was assayed as described previously (4, 14) .
c Assays performed by M. Prival (unpublished data) with strains MK80 and MK81. (14) with aeration to about 5 x 108 cells/ml. A 0.02-ml portion of each culture was streaked on a histidine minimal medium plate and allowed to dry; then a 0.07-ml portion of each donor culture (ca. 3 x 108 cells/ml grown in LB without aeration) was streaked across the dry streak of the various recipient cultures. Donor and recipient strains were also streaked individually as controls. +, Exconjugants appeared at the intersection of donor and recipient streaks within 24 to 48 h at 37 C; -, Exconjugants did not appear. Relevant phenotypes are shown in parentheses.
b Donor.
pressions of the hutH and hutU genes. We believe it to be a pleiotropic mutant rather than a strain carrying two independent mutations because all of the revertants selected for their ability to grow with urocanic acid as the carbon source (200/200) simultaneously regain their ability to grow with histidine as the carbon source. However, we cannot completely rule out the possibility that the mutation in strain KG2014 is a strong polar mutation in hutU. Strain KG2005 is incapable of using histidine as a source of carbon although it possesses all the hut enzymes directly assayed. As can be seen in Table 4 of growth on medium containing a high (1%) concentration of histidine (18) . As can be seen in Fig. 2 , strain KG2005 grows normally on citrate-ammonium sulfate medium, but does not grow at all when 1% histidine is added. Thus, strain KG2005 is shown to be a mutant in hutI.
Fine structure of hut. The gene order in the hut region of the K. aerogenes chromosome is chIA, uvrB, bio, hut, chID, gal, aro, nic (21; R. Goldberg, unpublished data). Because Galh derivatives of strains may be isolated by selecting for spontaneous deoxygalactose resistance (2), the gal marker was used as the outside marker in P1-mediated multi-factor crosses. Table 5 shows that all the hut markers can be co-transduced with gal with a frequency of about 35%. Transductants were selected for crossover events within the region of interest (18) . In such crosses the donor carries one selected marker and the recipient another. Recombinant transductants are then analyzed for other linked markers that differ in the two parents. If transductants recombinant for a single marker, gal, are picked, no appreciable recombination occurs within the hut region. Figure 3 provides examples of the way in which the data of Table 6 were analyzed. If the gene order were as presented in Fig. 3a , then we would expect that selecting Hut+ recombinants from cross no. 1 of Table 6 [hutI+hutH+ ] would result in Hut+Gal+ transductants with a frequency approximately equal to that observed in a Gal+Hut+ x Gal-HutI-cross (Table 5, cross  no. 2). This is true because no extra crossover events would be required. However, if the gene order is as depicted in Fig. 3b , then the percentage of Gal+Hut+ transductants should be much lower than observed with a Gal+Hut+ donor because extra crossover events are required. We can therefore conclude that gene order is as in Fig. 3a . Similarly, Fig. 3c-d represents the possible gene orders for gal, hutG, hutC, and hutU. Any gene order that places hutU between hutG and gal predicts that the Gal+Hut+ co-transduction frequency should be approximately equal to that of a Gal+Hut+ x Gal-HutG-cross (Table  5 , cross no. 3). As can be seen in Table 6 cross no. 8, the Gal+Hut+ co-transduction frequency is reduced approximately 10-fold. Thus, the gene order cannot be gal-hutU-hutG (Fig. 3c) . If hutC were to be located between gal and hutG (Fig. 3d) , then almost all Hut+ recombinants should be HutC-because extra crossover Table 6 . Markers indicated by heavy bars were selected and the transductants were then analyzed for the unselected markers.
events would be required to recombine hutC+ into the chromosome. If hutU and hutG were between hutC and gal then almost all the Hut+ transductants should be HutC+. If, however, the hutC gene were located between hutG and hutU, then a mixture of HutC+ and HutCtransductants would be expected. The ratio of HutC+ to HutC-will depend on the distance between hutC and hutG and hutU. As can be seen, 23% of the Hut+ recombinants are HutC+ (Table 6 , cross 8) , indicating that the gene order gal-hutG-hutC-hutUis correct. Similar analysis of the other crosses indicates that the gene order in the hut operons is that shown in Fig. 4 .
DISCUSSION
The fine structure mapping of the hut operons of K. aerogenes was possible because of the development of procedures for the isolation of P1-sensitive mutants of K. aerogenes (5) . Earlier attempts to map this region using phage PW52 (9)-mediated transduction were unsuccessful because we were unable to observe any co-transduction of gal and hut (<1%; S. Gerson, unpublished data).
Earlier results showing that the production of urocanase, but not that of formiminogluta- mate hydrolase, is coordinately controlled with that of histidase, suggested that at least two operons are involved in histidine degradation (11) . The existence of mutants such as strain KG2014, constitutive for formiminoglutamate hydrolase and pleiotropically negative for histidase and urocanase, further supports this idea. Thus, the hut region of K. aerogenes is similar to that of S. typhimurium in which there are two hut operons, rather than to that of Bacillus subtilis in which all the hut genes are controlled as a single unit (7) . The data presented here further demonstrate that the gene order within the hut operons is identical in K. aerogenes to that found in S. typhimurium; although it is known that there is a high degree of genetic homology between Enterobacteriaceae (21), it is surprising that bacteria which would be judged to be relatively distantly related by DNA composition (58 and 51% guanine plus cytosine, respectively [17] ) would show such a high degree of genetic homology.
The observed gene order poses a problem for Klebsiella that it does not for Salmonella. In S. typhimurium, it has been shown that the hutC gene is part of the left hand operon (6, 19) ; it thus controls its own expression as well as the expression of hutI and hutG. In Salmonella, the left-hand operator-promoter complex appears to be relatively insensitive to the repression. Imidazolonepropionate hydrolase and formiminoglutamate hydrolase increase only about sixfold upon induction, whereas histidase and urocanase, which are controlled by the right-hand operator-promoter complex, increase about 100-fold upon induction (18) . This relative insensitivity of the Salmonella lefthand operon to the effect of induction insures that the induction of that operon, and therefore of the hutC gene, does not cause the overproduction of repressor which would negate the effects of induction.
In K. aerogenes the left-hand operon is more sensitive to induction and the level of formiminoglutamate hydrolase increases approximately 60-fold upon induction (14) . If there were to be a parallel increase in the level of the repressor we would expect that the expression of the hut operons would be subject to wide oscillations. Such oscillations are not observed and we must therefore propose that either the hutC gene comprises a separate operon under different control, or that it is part of the left-hand operon as in S. typhimurium, but that some form of genetic punctuation prevents its expression from changing appreciably upon induction.
